The present study was performed to evaluate the responses in productivity and nutrient extraction in dry biomass of Brachiaria brizantha 'Marandu' fertigated with treated sewage effluent (TSE) from 2013 to 2014, in Jaboticabal, São Paulo, Brazil. A triple line source sprinkler system was used to perform uniform but gradual irrigation of TSE and mineral fertilization in five treatments, with the following TSE fractions in water: 1.0 (E5); 0.87 (E4); 0.6 (E3); 0.31 (E2), and 0.11 (E1). In addition to fertigation, all treatments were supplemented with P and K. TSE was applied at depths of 1,853 and 2,253 mm year -1 in 2013 and 2014, respectively. This provided E5 with the following amounts of N, P, K, and Na (kg ha -1 ): 931, 27, 314, and 894, in 2013, and 1,132, 21, 463, and 1,428, in 2014. The most relevant effects on B. brizantha dry biomass yield and nutrient extraction were obtained with higher doses of TSE. The extract of macronutrients was higher for K and N, followed by K, Ca, Mg, and Na. Based on the responses in productivity and nutrient extraction of soil by the crop as a function of TSE fertilization without soil contamination, we propose that increased fertilizer application be studied further.
Introduction
Forage grasses are important for the efficient and economic feeding of ruminants. Brazil is known worldwide for the production of meat and dairy milk, with pastures used as feed basis. Grassland occupies about 180 million hectares, 21.3% of the national territory; of these, 70-80% are Brachiaria forage (RODRIGUÊS, 2004) . The predominance of Brachiaria brizantha 'Marandu' is due to its tolerance to low soil fertility, resistance to insects, good leaf-stem ratio, and high yield when properly fertilized and managed. To ensure efficient and competitive livestock production under grazing conditions, it is necessary to develop soil fertility management strategies to maintain soil productivity and forage quality, providing nutrients in adequate quantities and balanced proportions during efficient and productive pasture processes (Costa et al., 2010) . However, for good management, knowledge on crop nutritional requirements is essential, in addition to the potential extraction of nutrients from the soil. The high costs of agricultural inputs have attracted farmers' attention when adopting sustainable soil fertility management practices. Sewage waters possess macro and micronutrients, which are essential for forage growth (SILVA et al., 2012) , and make it possible to increase irrigated areas, even in regions with already compromised water rights. The use of treated sewage effluent (TSE) in the agronomic environment favors an increase in the production and quality of forage by supplying water and nutrition in a sustainable manner. Fertilization with TSE is assumed to provide better forage development owing to the ready availability of nutrients for the plant, and the split in the application of water and nutrients promotes the absorption of nutrients by the crop, producing better quality material, (SERAFIM and GALBIATTI, 2012) . Although in some cases, sodium (Na) is considered to be a beneficial element, since it increases the productivity of some plants (INOCÊNCIO et al., 2014) , the technique of fertilization with TSE requires knowledge to avoid soil salinization caused by the excess salts in the TSE. Nitrogen (N) is the most important element required for the growth of forage plants (PRIMAVESI et al., 2006) . Compared with other nutrients, N has the greatest effect on B. brizantha development and its absence limits the production of green mass (COSTA et al., 2010) . However, Vilela et al. (1998) states that Brachiaria has a high need for Na, followed by N and phosphorus (P). ) in Brachiaria, and observed that the maximum doses of N led to higher extraction of macro (K>N>Ca>Mg>P=S) and micronutrients (Fe>Mn>Zn>Cu) . In another study, Costa et al. (2008) , evaluated the effect of N and K doses on the production and extraction of macronutrients by the phytomass of Xaraés grass. Excess nutrients cause non-soil and soil pollution. Crops that export nutrients, such as Brachiaria, are useful to mitigate the risk from soil contamination and groundwater. Costa et al. (2009) also showed that nutrients accumulated in the following decreasing order: N=K>Ca>Mg>P>S. In this study, productivity and nutrient extraction in the dry biomass of B. brizantha 'Marandu' fertigated with doses of TSE were evaluated during 2013 and 2014, in Jaboticabal, São Paulo, Brazil.
Results and discussion
Analysis of the TSE revealed a neutral pH (7.0 ± 0.3) and medium to high Na adsorption ratio (18.0 ± 2.9), with average soil salinization potential (0.46 ± 0.01 dS m -1 ), classified as C 2 S 3 (Table 3) . Annual irrigation depths were 1,853 mm in 2013 and 2,253 mm in 2014 (Table 4) , with precipitation of 1,393 and 721 mm, in the first and second year (Table 2) , respectively. High irrigation depths in addition to precipitation were a consequence of the nutritional criterion, in which effluent was applied to meet nutrient crop requirements, even during rainy periods. The amounts of N applied via TSE are also shown in Table 4 ; 931 and 1,132 kg ha -1 of N was applied in the E5 treatment in 2013 and 2014, respectively. The other treatments received amounts proportional to the application fractions as defined for each treatment (Fig 1) . The following amounts of the remaining nutrients were applied via TSE in treatment E5: P = 27, K = 314, Ca = 258, Mg = 92 and Na = 894, in 2013, and P = 21, K = 463, Ca = 358, Mg = 108, and Na = 1,428 kg ha -1 , in 2014. The other treatments received amounts proportional to the application fractions according to each treatment (Fig 1) (Table 5) . Productivity was higher in summer and spring due to favorable weather conditions (temperature), compared with the sub-optimal temperatures in fall-winter (Table 2) . Productivity was higher in 2014, compared with 2013, due to higher temperature and solar radiation in the second year. Extraction of N by the Brachiaria increased with increasing doses of applied TSE up to 78.9%, compared with the reference treatment (E3) (Fig 2) . The ratio of extracted to applied N was close to in the range of 180 to 320 kg ha -1 of applied N. Outside of this range, with either lower or higher N applications, resulted in a negative soil N balance, in which extraction was higher than application, as shown by values above the 1:1 line in Fig 2. This effect was caused by the high depletion of soil N, due to low N application (<200 kg ha -1 ) with treatments E1 and E2, and due to high productivity attained with treatments E4 and E5, despite the high amount of N applied (>300 kg ha -1 ). The increased N extraction observed with high productivity treatments was a consequence of the high demand for N by crops for structural components in proteins, enzymes, and to increase productivity, as obtained by Costa et al. (2010) . N application via TSE was lower in fall-winter (Table 4) compared with the other seasons, due to low crop nutritional demand. This effect resulted in lower biomass productivity in both years (Table 6) . Consequently, N export was reduced (Fig 2) , despite higher N concentration in biomass (Table 6 ). Conversely, even with reduced N concentration in biomass, the increased productivity in spring and summer led to higher N extraction. In both seasons and treatments, a negative N balance was found (<188.3 kg ha -1 ), except with the E3 and E4 treatments during spring of the second year. This marked increase in N extraction is due to the higher N uptake at the higher doses. The over-extraction of N observed in this study might be due to mineralization of the organic matter, which was converted to ammonia and later, by nitrification, to nitrite and, finally, to nitrate (COELHO and MARTINS, 2004) . However, Costa et al. (2009) found that N extraction by Marandu grass was increased due to increased dry biomass productivity with a positive N balance in the soil at doses below 200 kg ha -1
. Our results also indicate that nitrogen replacement should not be applied at fixed doses due to the variation in the response of crop throughout the year. The results of this study are consistent with those of Primavesi et al. (2006) , who evaluated nutrient extraction by Marandu grass subjected to N levels from 0 to 200 kg ha -1 per cutting, in a rhodic dystrophic soil in the rainy season; mean N extraction was 22.9 kg N t -1 of the dry biomass. Coelho and Martins (2004) reported N extraction from 15.3 to 19.7 kg N t -1 of dry biomass for tropical grasses. Further detailed studies are required to verify the presence of N fixing bacteria in the soil. The highest level of P extraction by the crop occurred in 2013 with a higher concentration of foliar P and high dry biomass yield, which was 117% higher than that applied (Fig  3) . In fall-winter, less P was extracted. However, all treatments resulted in extraction that was higher than that applied, except for the E1 treatment in 2014. The summer and spring of 2013 presented similar characteristics with treatments involving high applications of TSE. However, lower productivity was observed with treatments E3, E2, and E1 in the spring, resulting in lower extraction of nutrients. Even with higher application of K by the crop in the spring of 2014, nutrient extraction from the soil was lower than in the seasons noted in the previous year. The excess of P exported from the soil by the crop was derived from the mineralization of the organic matter, becoming P. Para Monteiro et al. (1995) , the omission of P of the Brachiaria cultivation, may compromise the development of forages across in rackets and without lateral tillers. Because of P supplementation and gradual fertilization, nutrients were extracted homogenously during the same season, except in spring (Table 7) . Primavesi et al. (2006) evaluated the same crop and obtained rhodic P extraction of only 2.9 kg P t -1 by BS. Blum et al. (2012) quantified nutrient removal and nutrients in sugarcane cultivation systems irrigated with TSE up to 150% Table 1 . Chemical soil characteristics of the 0-100 cm layer in the experimental area. There was a gradual effect of foliar K due to the application of TSE, as well as in the extraction of nutrients. The highest K extraction by Brachiaria during spring in the second year, and was 122% higher than that applied (Fig 4) . In the second year, there was a higher concentration of foliar K and higher productivity of dry biomass, resulting in greater nutrient extraction. Even with supplemental mineral fertilization with K, a gradual effect was observed following TSE application (Table  8 ). In addition to fertilizer application, there was a moderate contribution from leaf residues in the area. K was the most extracted element in the soil by the crop, with 1,694 and 2,205 kg ha -1 obtained with the E5 treatment in 2013 and 2014, respectively; N was the second most extracted element at being 1,045 kg ha -1 in 2013 and 1,501 kg ha -1 in 2014. Similar results were obtained by Costa et al. (2010) . In C4 plants, Na may partially replace K (INOCÊNCIO et al., 2014) , which justifies the high absorption and extraction of K by Brachiaria. Similar results were reported by Primavesi et al. (2006) who obtained K as a macronutrient extracted by most crops, and 34.8 kg of K t -1 of dry biomass. Among the macronutrients evaluated by Coelho and Martins (2004) , K was also extracted by Brachiaria, at 23.2 kg of K t -1 of dry biomass. The balance of Ca in the soil was negative for treatments with lower application of TSE (E2 and E1). The highest Ca extraction by Brachiaria occurred in the summer of the second year, with a balance 42% higher than that applied (Fig 5) . The greatest Ca deficiency occurred with the E1 treatment in the summer of 2013. In addition to Ca applied via TSE, there was the removal of soil, which originated from the formation of soil and residues from predecessor crops. There was greater Ca extraction by the crop in fall-winter (Table 9 ). This was due to the reduced development of the crop and competition for nutrients. Similar results were obtained by Primavesi et al. (2006) with extraction of Ca at 3.9 kg t 1 BS. However, Monteiro et al. (1995) cultivated Brachiaria with Ca omission, and obtained higher productivity of dry biomass, number of tillers, and height of plants. The highest extraction of Mg by Brachiaria occurred in the spring with treatment E5 in the second year and was 37.5% higher than the applied concentration (Fig 6) . Mg extraction by the crop followed a similar pattern to Ca and decreased in the order fall-winter, summer, and spring (Table 10 ). There was no effect per treatment, which means that the crop reached its nutrient extraction potential at that time. Similar results were obtained by Primavesi et al. (2006) with extraction of Mg at 3.6 kg t -1 BS. Na was the only element that was extracted at higher levels by Brachiaria in relation to application at any time. Na was extracted at the highest levels by Brachiaria in the spring of the second year (Fig 7) . The foliar concentration of Na was low (1.7 ± 0.2 g kg -1 ); this was similar over time and there was no effect of the doses applied. The average extraction of Na was 1.6 kg ha -1 ton of dry biomass produced by the crop. As discussed above, Na may have been partially absorbed as K. Contrasting results were presented by Coelho and Martins (2004) whereby the grass Brachiaria extracted Na at 52.5 kg t -1 BS. Silva et al. (2012) evaluated the chemical production of mombaça grass cultivated in different effluent sludges from the primary treatment of sanitary sewage, based on sodium (0, 75, 150, 225 and 300 kg ha -1 Na) and increase with a content of 22.8 g kg -1
. A gradual effect of Na leaf was observed only from the second epoch. Of all minerals, Na was applied at the highest level and extracted at the lowest level by the crop. Na extraction by the crop occurred similarly between the seasons and the treatments (Table 11 ). There was low Na uptake by forage (<2 g kg -1
). The mobility of Na constant precipitation in the region (> 1,200 mm year -1 ), resulted in Na leaching. High absorption of the other nutrients by B. brizantha resulted in split of the fermentation, reduced leaching potential, and increased nutrient efficiency of the crop, thereby reducing environmental impacts. These results demonstrate the usefulness of B. brizantha in purification of waste water, thus, increasing its agri-environmental, social, and economic importance.
Materials and methods
The study was conducted during 2013 and 2014 at the Faculty of Agrarian and Veterinary Sciences (FCAV-UNESP), in Jaboticabal, SP, Brazil (latitude 21°14'41.9"S and longitude 48°16'25.2"W). We used TSE from the municipal sewage treatment plant (STP) located near the experimental area. Treatment performed in this STP consists of a mixed system (aerobic and anaerobic) composed of an upflow anaerobic digester and facultative lagoons. This plant collects sewage from Jaboticabal, with an average flow of 202 L inhab -1 . The city has near 71,662 inhabitants, an area of 707 km 2 , and population density of 101.4 inhabitants km -2 (IBGE, 2010). The soil of the experimental area is classified as a typical eutrophic Red Latosol, with a clayey texture, moderate, kaolinitic apoférrico, high iron content, and smooth and wavy relief (EMBRAPA, 2013) , with a slope of 5%, characterized by a very clayey texture (>50%), high iron content, good fertility, and soft relief ( Table 1) . The climate of the region is humid subtropical, Aw, according to the Köppen classification, with dry and mild winters, and hot and rainy summers. The weather in 2013 was characterized by conditions similar to normal in the region, with a mean annual temperature of 22.2°C, relative humidity of 69.9%, solar radiation of 17.5 MJ m -2 day -1
, and precipitation close to reference evapotranspiration (ETo) ( Table 2) , 2.4 m wide, and 6 m long. A uniform distribution of the irrigation and gradual distribution of TSE was obtained using a triple line source sprinkler system (LAUER, 1983) , with five treatments, in four replicates, and the following fractions of the effluent in water: E5 = 1.0; E4 = 0.87; E3 = 0.6; E2 = 0.31 and E1 = 0.11 (Fig 1) . Monthly samples of TSE were collected for the analysis of nitrogen concentration. At the end of each season, complete nutrient analyses were performed (Table  3 ) using the APHA method (2005) . Irrigation was applied two to three times per week, at a depth determined by the crop nutritional needs or by the water demand in the E3 treatment, whichever was higher. The nutritional need was estimated as described by Vilela et al. (1998) , supplying 15, 3.5, and 18 kg ha -1 of N, P and K per ton of dry biomass harvested over 28 days. The water demand was calculated using the FAO 56 method; the unit crop coefficient and reference evapotranspiration were calculated using local meteorological data. Due to the low concentration of P and K in TSE, these were supplemented with mineral fertilization. Fertilizers were applied according to the crop needs in each cutting cycle (28 days). Dry forage biomass was determined from harvests made every 28 days, from Feb 5, 2013 to Jan 6, 2015, with eight harvests in the summer, 10 in the fall-winter, and eight in the spring. Three random replicates of 0.25 m 2 were harvested per experimental plot at a height of 15 cm. The forage was homogenized, and a sample was taken, weighed, and then oven dried with forced air circulation at 65°C to a constant weight (LACERDA et al., 2009 ). The macro and micro nutrients in forage were qualitatively evaluated in each season as proposed by Bataglia et al. (1983) . The extraction of soil nutrients was calculated as described by Costa et al. ).
Conclusion
The most pronounced effects in terms of dry biomass yield of B. brizantha and nutrient extraction were obtained with the higher doses of TSE. Macronutrient extractions were higher for K and N, followed by P, Ca, Mg, and Na. The deficiency in the soil balance is not a low leaching of the same ones, since the extraction was superior to the amount used, except for Na. Because of the responses in productivity and nutrient extraction of the soil by B. brizantha as a function of TSE fertilization, it is proposed that future studies will include an increase in fertilizer application.
